


1.0 INTRODUCTION 

I n  t h i s  r epor t  are summarized the  t h e o r e t i c a l  research 

a c t i v i t i e s  ca r r i ed  ou t  during the per iod 1 November 1965 

t o  30 Apri l  1966 and a list of t o p i c s  f o r  fu tu re  study. 

i n  the p a s t  t he  purpose of the research has  been t o  devise  

improved means of obtaining estimates of t h e  electromagnetic 

and roughness parameters of d i s t a n t  inaccess ib le  s c a t t e r i n g  

surfaces ,  I n  general ,  t h e  approach has been d i r ec t ed  toward 

the  obtaining of vector  so lu t ions  f o r  the  sca t t e red  f i e l d s  

a t  the observation poin t  so t h a t  direct- and cross-polar ized 

components may be subjected t o  separa te  ana lys i s ,  

of these  components on certain con t ro l l ab le  parameters (fre- 

quency, pu lse  length,  b i s t a t i c  separat ion of t r ansmi t t e r  

and rece iver ,  t ransmit ted polar iza t ion ,  among o thers )  should 

make poss ib le  the  separat ion of electromagnetic and roughness 

e f f e c t s .  The cokcept of d i f f e r e n t i a l  r e f l e c t i v i t y '  has  been 

a major t o o l  i n  the research a c t i v i t i e s  under gran t  N s G - 1 2 9 .  

As 

Dependence 

During the  cur ren t  r epor t  period work has  been p r inc ipa l ly  

d i r ec t ed  toward s p e c i f i c  problems r e l a t i n g  to :  

(monostatic and bis ta t ic)  from a s t a t i s t i c a l l y  configured sur- 

face i l luminated by pulsed radar ,  and ( 2 )  t h e  determination 

of electromagnetic p rope r t i e s  ( including conduct ivi ty)  of 

a smooth sphe r i ca l  sur face  from seve ra l  b i s ta t ic  power measure- 

(1) s c a t t e r i n g ,  

ments.  

~ 

'Erteza, A D ,  J - A .  Doran and D.H. Lenhert, "Concept of D i f f e r -  
e n t i a l  Re f l ec t iv i ty  as Applied t o  t h e  Reflect ion of Beam- 
Limited Radiation by a Convex Body," RADIO SCIENCE, Journal  
of Research NBS/USNC-URSI, V o l ,  6 9 ~ ,  No. 2,  February 1965. 



! 

a normally d i s t r i b u t e d  ( i n  he ight  f r o m  an average sphere) 

su r face  f o r  the condi t ion t h a t  t h e  r a t i o  of standard devia- 

t i o n  t o  c o r r e l a t i o n  d i s t ance  is much less than one over t h e  

square root of t h e  r ad ius  of the sphere i n  wavelengths. 

Comparison of this so lu t ion  with experimental data i n d i c a t e s  

t h a t  the  moon must have a roughness charac te r ized  by a much 

l a r g e r  value of t h i s  r a t i o .  The minimum value of dielectr ic  

cons tan t  obtained f r o m  this ana lys i s  equals  1.82C0. 

This ana lys i s  shows that the  ReCZ x ;*I can be used 

for  the  t i m e  averaged power from a pulsed source only i n  

a por t ion  of the r e t u r n  pu l se  and then only i f  t he  standard 

dev ia t ion  of he igh t s  i s  g rea t e r  than one-tenth of a wave- 

length.  The ana lys i s  a l s o  shows tha t  any s t a t i s t i c a l  

matching with experimental data must take i n t o  considera- 

t i o n  the angular v a r i a t i o n  of the r e f l e c t i o n  c o e f f i c i e n t s .  

Resul t s  of t h i s  ana lys i s  c l e a r l y  e s t a b l i s h  t h a t  the shape 

of the r e t u r n  pulse  from a lunar back-scat ter  experiment, 

a f t e r  the t r a i l i n g  edge of the pulse  has  passed the sub- 

r ada r  po in t ,  is caused e n t i r e l y  by t h e  roughness of t h e  

surface. 

2.2 Determination of Electromaqnetic Parameters of A 
Smooth SDherical Bodv 

As out l ined  i n  our previous r epor t ,  e f f o r t s  w e r e  made 

t o  ob ta in  E and I-I i n  terms of the r a t i o  of the  d i r e c t -  and 

cross-polar ized powers s c a t t e r e d  by t h e  body. A paper cover- 

i ng  this work w i l l  appear i n  the  August 1966 i s s u e  of Radio 

Science. Subsequently, an i nves t iga t ion  w a s  undertaken t o  

a s c e r t a i n  whether it would be poss ib l e  t o  determine, by a 
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s i m i l a r  means, conduct ivi ty  as w e l l .  This e f f o r t  w a s  aban- 

doned when it was concluded t h a t  even though the  necessary 

expressions could be derived the  measurements of  t h e  f i e ld  

q u a n t i t i e s  would r equ i r e  extraordinary p rec i s ion  no t  l i k e l y  

of a t ta inment  i n  t h e  forseeable  fu tu re .  

2.3 
Work has commenced on a study leading t o  a vec tor  

B i s t a t i c  Sca t t e r inq  from a Rough Sphere 

so lu t ion  f o r  the problem of bis ta t ic  s c a t t e r i n g  from a 

s t a t i s t i c a l l y  rough, general ly  sphe r i ca l  sur face .  The 

ex i s t ence  of such a so lu t ion  would even today, when w e  

are acquir ing a capab i l i t y  fo r  p lac ing  r a d i a t i n g  systems 

i n t o  e x t r a t e r r e s t r i a l  t r a j e c t o r i e s ,  be of immense value i n  

t h e  es t imat ion  of the su r face  p rope r t i e s  of ob jec t s  such as 

our moon, and the p lane t s  and t h e i r  moons. It is  contended 

t h a t  information concerning t h e  sur face  roughness charac- 

t e r i s t ics  and the average values of t h e  electrical  para- 

m e t e r s  may be more e a s i l y  ex t rac ted  from b i s t a t i c  r e tu rn  

measurements than from those fo r  the monostatic case.  

3.0 FUTURE WORK 

3.1 
The inves t iga t ion  described i n  Sec t ion  2 .1  w i l l  be 

Continuation of Monostatic Sca t t e r ing  Study 

continued with t h e  major emphasis on r e l axa t ion  of t h e  

convergence c r i t e r i o n  i n  order t o  expand the  range of 

v a l i d i t y  of the so lu t ion  t o  l a rge r  values  of the r a t i o  of 

s tandard devia t ion  of sur face  he igh t s  t o  c o r r e l a t i o n  d is -  

tance.  This work w i l l  be pursued i n  order  t o  ob ta in  a 

better match with experimental lunar  back-scatter data .  
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~ k i s  study w i l l  be cont imed,  with the i n i t i a l  emphasis 

Continuation of B i s t a t i c  Sca t t e r ing  Study 

on the obtaining of so lu t ions  f o r  CW i l luminat ion of t he  sur-  

face. On t h e  completion of t h i s  phase of the  work so lu t ions  

w i l l  be obtained f o r  t he  more rea l i s t ic  s i t u a t i o n  wherein 

t h e  i l luminat ion is t h a t  from a pulsed radar .  I n  addi t ion,  

so lu t ions  w i l l  be obtained using t h e  d i f f e r e n t i a l  r e f l ec -  

t i v i t y  approach as w e l l  as by a more conventional Kirchhoff- 

Huygens approach i n  order  t o  obtain addi t iona l  evidence 

support ing t h e  t h e s i s  that  d i f f e r e n t i a l  r e f l e c t i v i t y  is 

s ingu la r ly  w e l l  su i t ed  t o  t h e  task of solving s c a t t e r i n g  

problems of t h i s  nature .  W e  note he re  t h a t  the Kirchhoff- 

Huygens approach approximates t h e  inc ident  f i e l d  a t  a 

sur face  po in t  by an i n f i n i t e  plane wave and t h e  d i f f e r e n t i a l  

r e f l e c t i v i t y  approach does not r equ i r e  t h i s  assumption. 

4.0 

t h i s  

PAPERS A N D  REPORTS 

Accepted f o r  publ icat ion was: 

Erteza,  A., and J .A .  Doran, "A B i s t a t i c  R a d a r  
Method f o r  t h e  Determination of Q and 1-I f o r  a 
Smooth Spherical  Target ,"  Radio Science, Vol. 1, 
No.  8, August 1966. 

Being submitted as a separate  r epor t  emanating from 

con t rac t  is: 

Lenhert, D.H. and A. Erteza,  "Effects of Surface 
Roughness on Radar Backscatter from A Spherical  
Surface,"  Universi ty  of  New Mexico Bureau of 
Engineering Research Report No .  EE-132, May 1966. 

In  preparat ion a re :  (1) A journal  a r t ic le  by D r .  

Lenhert covering c e r t a i n  port ions of h i s  Ph.D. d i s s e r t a t i o n  
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and ( 2 )  letters to  IEEE Transactions on certa in  r e s u l t s  of 

our invest igation.  

5.0 TRAVEL 

No t r i p s  w e r e  taken during this report period. 
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